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Airglow  Calculations  for  Remote 
Sensing  of  Density 


1 INTRODUCTION 

Dnlike  the  near  ronst.inrv  of  atmospheric  density  near  the  surface  of  the  earth,  atmospheric  den- 
sity in  the  t hermosphere  is  highly  variable  To  forecast  this  density  accurately,  frequent  realtime 
observations  are  necessary,  just  as  accurate  weather  forcasts  requirt'  observations  of  world  wide 
weather  conditions  Forecasts  of  thermospheric  density  art*  required  by  the  Air  Weather  Service  They 
are  needed  by  those  responsible  for  the  tracking  and  control  of  low  altitude,  earth  orbiting  satellites 
IVesently  these  predictions  are  made  from  atmospheric  models  that  descriln*  the  response  of  the 
atmosphere  to  phenomena  such  as  changes  in  the  solar  ultraviolet  flux  and  geomagnetic  activity 
While  these  models  desertin'  the  behavior  of  the  atmosphere  reasonably  well  under  quiet  conditions, 
they  cannot  descritte  the  In'havior  for  short  term  departures  from  the  average  with  the  accuracy  re 
quired  for  satellite  ephemeris  prediction 

To  improve  this  situation.  SXMSO  is  planning  to  fly  a special  ionospheric  density  sensor  on  the 
weather  satellites  which  are  part  of  the  Defense  Meteorological  Satellite  Program  (DMSPl  This  sen 
sor.  designated  the  SSD.  is  In'tng  developed  by  the  \erospace  Corporation^  in  an  attempt  t o develop 
the  capability  to  determine  vertical  density  profiles  remotely  This  will  overcome  the  limitation  of  con 
volitional  density  measuring  systems  that  can  measure  the  density  of  the  atmosphere  only  m a region 
through  which  the  sensors  pass 

l Received  for  publication  May  19781 

l Hickman.  D R <19771  The  Remote  Density  Sensor.  Xerospace  Report  No  TOR  0077  1203)  1.  Xem 
space  Corporation,  Kl  Segiindo,  O X 90‘24f* 


The  determination  of  vertical  density  profiles  traditionally  has  been  done  with  rockets  tiecause. 
unlike  satellites,  their  trajectory  is  vertical  through  the  atmosphere  A satellite  system,  however,  has 
the  advantage  of  collecting  synoptic  data  for  long  periods  of  time. 

To  sound  density  remotely,  the  SSP  makes  use  of  the  relationship  between  atmospheric  density 
and  the  rate  of  production  of  certain  optical  emissions.  The  instrument  itself  is  an  ultraviolet  spec 
trometer  which  scans  the  atmosphere  above  the  earth  at  altitudes  from  HD  to  250  km  Two  ultraviolet 
airglow  emissions  are  used  the  337  1 A nitrogen  hand  and  the  1366  A atomic  oxygen  doublet.  Roth 
are  ex  oust  during  the  day  by  photnelectrnns,  which  are  themselves  produced  by  photoionizalion  of 
the  ambient  atmosphere  by  the  extreme  ultrawolet  l K 1 1 V t radiation  from  the  sun.  The  emission  thus 
produced  radiates  in  all  direct  ions  anti  may  lie  observed  by  the  spectrometer  on  the  satellite. 

The  problem  of  calculating  the  radiant  intensity  at  the  satellite  from  the  volume  emission  rate  in 
the  atmosphere  is  relatively  straightforward  for  these  emissions  because  scattering  may  lie  neglected. 
The  only  radiative  transfer  complication  which  is  significant  is  absorption  of  the  1366  A emission  by 
Oj  along  the  ray  path 

The  following  procedure  has  lieen  developed  by  Aerospace  to  infer  atmospheric  density  from  the 
airglow  intensities: 

II  a reasonable  density  profile  is  chosen  using  the  present  forecast  met  hods, 

31  airglow  profiles  for  both  the  3371  A and  the  1366  A emissions  are  calculated  using  the  assum 
ed  density  profile. 

3)  The  difference  between  the  calculated  airglow  profiles  and  the  observed  airglow  profiles  is  usisl 
to  modify  the  density  profiles 

These  steps  are  repeated  until  there  is  substantial  agreement  between  the  calculated  and  observ- 
ed airglow  profiles.  At  this  |H>int  the  density  profile  is  assumed  to  lie  correct. 

In  this  report  we  give  the  results  of  detailed  computations  of  airglow  radiant  intensity.  The 
results  are  compart'd  with  profiles  which  art*  predicted  using  the  more  general  representation  presently 
planned  for  use  by  the  Air  Weather  Service. 


2.  CALCULATION  OK  VOLUME  EMISSION  RATES 

The  rates  for  excitation  to  the  upper  states  of  the  emitting  sissies  were  calculated  by  evaluating 
the  expression 

dexlr*  “ 5.93  x 10?  nU)  J dK  t}(KI  -tnK  U.E)  v E.  |l) 

Here  rjexU)  is  the  excitation  rate  at  altitude  i.  n(z)  is  the  number  density  of  nitrogen  or  atomic  ox- 
ygen as  appropriate.  0(E)  is  the  excitation  cross  section,  K is  the  electron  energy  in  eV.  and  K'U.El  is 
the  electron  flux  in  cm_2  sr“l  sec‘1  eV‘l. 

Calculated  values  for  the  electron  flux  as  a function  of  energy  at  several  altitudes  were  provided 
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by  J asperse-  J asperse  computed  these  fluxes  from  coupled  lion  linear  equations,  derived  uiung  the 
HolUmann  1‘lanck  method  and  the  local  approximation  Me  also  calculated  the  fluxes  by  using  the 
much  simpler  continuous  slowing -down  approximation  All  the  computations  were  made  for  the  condi- 
tion* that  existed  during  the  recent  experiment  where  the  solar  spectral  flux  was  measured  by  a 
rocket-borne  spectrometer  simultaneously  with  the  electron  concentration  by  a ground  liased 
ionosonded  The  solar  spectral  flux  at  the  top  of  the  ionosphere  was  that  given  by  Meroux.  the  10.7 
cm  solar  flux  was  120  x 10-22  W m 2 Hz  1.  the  solar  zenith  angle  was  27'’.  the  local  time  was  1304. 
and  the  Jacehia-*  neutral  particle  exospheric  temperature  was  092  K All  other  model  ionospheric 
parameters  are  given  in  Jasperse.  The  fluxes  for  the  energy  range  important  for  airglow  production 
are  shown  for  three  altitudes  in  Figure  I. 
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Figure  l Normalized  Klectron  Distribution  Function  vs  Knergy  for  1 30.  1 74>.  ami  210  km 
Solid  curves  are  calculated  functions,  dashed  curves  are  curve  fitted  normalized  Maxwellian  functions, 
and  dot -dashed  curves  are  normalized  continuous  slowing  down  approximations  Solar  zenith  angle  was 
27*.  (Reference  21 


2.  Jasperse.  J.R.  (1977)  Klectron  distribution  functions  and  ion  concentrations  m the  earth  s lower 

ionosphere  from  Boltzmann  Fokker  Planck  theory.  Planet  Space  So  . 2b.  748. 

3.  Meroux,  L,  Cohen.  M . and  Higgins.  J.K.  (1974)  Klectron  densities  between  110  and  ;U>0  km 

derived  from  KllV  fluxes  of  August  23.  1972.  J.  tieophvs.  Res  79.  5237 
4 Jacchia.  HI.  (1971)  Revised  Static  Models  of  the  Thermosphere  and  Fxoc«phere  With  Fmotncal 
Temperature  IVofiles.  S|*v.  Report,  332.  Smithsonian  Astrophvs  Obsei \ . T'aniTiridgo.  M V 


The  detailed  calculations  show  sharp  structure  in  the  electron  spectru  from  20  to  30  eV  due  to  the 
photoionization  of  O and  N2  by  the  solar  EUV  Hell  line  at  40.8  eV.  These  features  have  been 
observed  experimentally  from  a satellite  by  Doering.  et.  al.®  and  from  a rocket  by  McMahon  and 
Heroux®  The  use  of  the  continuous  slowing-down  approximation  gives  the  average  shape  of  the  flux 
but  does  not  give  the  detailed  structure.  The  apparent  cross  section.  Q(E).  for  electron  impact  excita- 
t on  of  the  0-0  band  of  the  N2  second  positive  system  was  taken  from  the  experimental  work  of 
Jobe.  et.  al.'  and  is  shown  in  Figure  2.  The  cross  section  is  sharply  peaked  at  15  eV.  The  use  of  the 


Figure  2 Apparent  Cross  Section  for  Electron-impact  Excitation  of  the  0-0  Band  of  the  Second 
Positive  System  of  N •>  ( Reference  7) 


5.  Doering.  J.P..  Peterson.  W.K..  Bostrom.  C.O..  and  Armstrong,  J.C.  (19751  Measurement  of  low- 

energy  electrons  in  the  day  airglow  and  day  side  auroral  zone  from  Atmospheric  Explorer  C, 

J.  Geophys.  Res.  80,  3934. 

6.  McMahon.  W.J.,  and  Heroux,  1,.  (January  13,  1977)  Rocket  Measurement  of  the  Energy  Distribu- 

tion and  Flux  of  Thermospheric  Photoelectrons,  AFGL-TR-77-0013,  Air  Force  Geophysics 
laboratory.  Hanscom  AFB,  MA  01731. 

7.  Jobe.  J.D.,  Sharpton.  F.A..  and  St.  John.  R.M.  (1967)  Apparent  cross  sections  of  N2  for  electron 

excitation  of  the  second  positive  system.  J.  Opt.  Soc.  Am..  57,  106. 
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apparent  cross  Motion  to  the  upper  state  of  the  0-0  band  allows  us  to  ignore  cascading  The  cross 
section  for  the  excitation  of  the  atomic  oxygen  doublet  at  1 350  A was  tuken  from  the  experimental 
work  of  Stone  and  Zipf  and  is  shown  in  Figure  3.  Deactivation  of  the  &S°  state  by  processes  other 
than  the  emission  of  1356  A photons  is  unlikely,  so  the  emission  rate  will  effectively  !*»  equal  to  the 
excitation  rate 


I 


Figure  3 Cross  sts' t ion  for  Electron-impact  Excitation  of  the  5S"  State  in  Atomic  Oxygen. 
(Reference  8) 


Recause  the  emission  rates  JUI  equal  the  excitation  rates  qoxlz)  for  both  of  these  transitions,  the 
solution  of  Eq.  (1)  gives  the  emission  rates  directly.  This  equation  was  solved  at  16  altitudes  between 
97.5  km  and  350  km  using  Ixith  the  exact  calculation  of  electron  fluxes  and  the  continuous  slowing- 
down  approximations.  The  results  are  shown  in  Figures  4 and  5.  Interpolation  between  points  was 


>1 


8.  Stone.  E.J.,  and  Zipf,  E C.  (19741  Electron-impact  excitation  of  the  3S"  and  5yj >■  states  of  atomic 

oxvgen,  J Chem.  l’hvs  60.  4237. 

_ _ 
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Figure  4 Emission  Kates  tor  the  0-0  Band  of  the  Second  Positive  System  at  3371  A 
The  solid  curve  uses  electron  fluxes  using  the  detailed  calculation  of  Jasper.se,  the  dot  dash  curve  uses 
the  results  of  the  continuous  slowing  down  approximation,  and  the  dotted  curve  uses  the  procedures 
developed  by  Stewart 


computed  using  a natural  cubic  spline  function^  These  emission  rates  are  compared  with  calculations 
using  procedures  developed  by  Stewart ^ and  programmed  for  use  In  (ilobal  Weather  Central  U»WO 
Stewart  used  the  calculations  of  Dalgarno  et  al  ' 1 to  represent  the  photoelectron  excitation  efficiencies 
as  simple  functions  of  an  effective  total  slant  column  density  A small  correction  being  made  for  the 
local  electron  to  neutral  density  ratio 

l 'sing  this  procedure,  the  volume  emission  rate  is  given  simply  by 

JjjU)  * gijU)  vi  njU).  (2) 

where  gp<z)  is  photoelectron  impact  excitation  efficiency;  >j  is  the  branching  ratio,  and  nj(z)  is  again 
the  appropriate  Uval  number  density  The  nj  s used  in  this  calculation  are  from  the  same  Jacchia 
model  as  those  used  earlier  A value  of  0.2  was  used  for  >337 1 and  10  for  >1330 


0 (ireviUe  T\  K (1967)  Spline  functions,  interpolation,  and  numerical  quadrature,  in  Mathematical 
Methods  for  Digital  Computers,  Wiley 

10  Stewart.  \ 1 (1970)  Photoionization  coefficients  and  photoelectron  impact  excitation  efficiencies  in 

the  daytime  ionosphere.  J_  tioophvs  Kes.  73.  6333. 

11  Dalgarno.  \ Me  Elroy.  M B.  and  Stewart.  A. I (I960)  Electron  impact  excitation  of  the  day  glow. 

.1  Atmos  Sci  . 26.  753 
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Figure  6.  K mission  Kates  From  the  ,r*.S"  Stfito  of  ()  lit  IflotiA 

The  Noliti  curve  uses  electron  fluxes  using  the  detailed  calculation  of  .!ns|>crsc;  the  dot-flush  curve  uses 
the  results  of  the  continuous  slowing  flown  approximation,  ami  the  dotted  curve  uses  the  procedures 
developed  by  Stewart. 
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In  the  region  where  the  effects  of  thermal  electrons  can  lie  neglected,  gjj(z)  is  given  by 

gijl/.H  = Bo  + H|  INW/I017)  f 112(N(7.)/K)17|/I,  (3) 

whore  the  ll’s  iitui  /I  nri'  given  (or  the  particular  transition  <if  interest  N (/)  is  the  effective  total  slant- 
column  density  of  the  neutral  KHaes  in  the  solar  direction  as  given  by 

Nlr.)  = 0.8  N()|z)  f N()2(z)  + Nn2I*).  HI 

when1  the  Nj's  are  the  column  density  in  the  solar  direction.  At.  higher  altitudes  where  the  effects  of 
thermal  electrons  can  no  longer  In*  neglected,  Stewart  gives  a correction  to  gijl/.l  as 

Kijlr-I  ” gijlNtz),  rtr.l)  » fjj|r(7.l)  gij(N(z),0|.  (51 

Mere  rlr.)  is  the  electron/neutral  ratio  given  by 


lit 


r(7.)  * n,,UI  I i nk(*l. 


(til 


The  correction  factor  f(rl  in  given  by  f = exp  | l'  (I  x 10-  r(/.)|r|.  Abilin.  C mid  t are  selected  for 
the  particular  states.  Values  for  the  M s,  /I  s.  t”s  anil  >'s  are  shown  in  Table  I.  The  Nj's  were  com- 
puted using  the  same  .lacchia  model  atmosphere  as  used  ubove. 

Table  1.  Kit  Parameters  for  Kxcitation  Kfficiencies  (Stewart,  1070) 


N-z 

C -nu  - B -ng 

O 

2p  ;'s  - :is  r>s 

»0 

2.8  x lt)7 

7.0  x 107 

»1 

2.(1  x lt)7 

2.9  x 1()7 

H 2 

•1.8  x 1 0® 

3.2  x 107 

P 

2.8 

2.1 

C 

0.70 

1.30 

1 

0.9 

0.7 

The  values  for  the  electron  density  as  used  in  Kq.  (ti)  were  determined  by  a three-dimensional 
ionospheric  model  described  by  Kush  and  Miller' 2 using  the  ITS  coefficients  developed  by  Jones  at 
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Figure  0.  Calculated  and  Observed  Klectron  Density  Profiles.  The  dolt  is  I line  is  the  profile  calculated 
using  the  Hush-Miller  model;  the  dashed  line  that  given  by  Jaspcrse.  and  the  solid  line  that 
measured  by  an  ionosonde. 


12.  Kush.  C M,  and  Miller,  1).  (1070)  A Three-Dimensional  Ionospheric  Model  Csinj^Observed 
Ionospheric  Parameters,  AKCKI.  Tli  7((  0507.  Air  Force  Cambridge  Kesoareh  I jilsiratones, 
llanscom  At-'B,  MA  017(11. 


al.13.  Th>>  electron  density  |>rofil«>  obtained  by  thin  iihkIi‘1  in  .shown  in  Figure  ti.  It  in  compart'd  with 
the  profile  which  was  calculated  by  Jasperse  as  well  as  with  the  profile  which  was  measured  by  an 
ionosonde  at  the  White  Sands  Missile  Range  at  the  time  of  the  rocket  flight. 


3.  MMH  VIEW  COLUMN  EMISSION 


The  intensity  as  observed  at  the  satellite  is  calculated  by  integrating  along  the  ray  path  defined 
by  its  gracing  tangent  height,  h.  The  geometry  is  shown  in  Figure.  7. 


To  perform  the  integration,  the  atmosphere  is  divided  into  spherical  shells  of  thickness  Az  km 
where  z is  the  altitude.  This  divides  the  ray  path  into  intervals  of  Ax  km  given  by 

Ax„  - v (Ke  + h 4 nAzI*  <K*  + h|ii  1 Axn-i.  (7) 


where  K*  is  the  earth's  radius,  taken  to  lie  6400  km;  Axu  =■  O. 

The  contribution  of  the  emission  in  each  increment  is  taken  to  be  the  average  value  of  the 
volume  emission  within  the  increment  multiplier!  by  its  length.  Ax.  Considering  the  double  pass 


13.  Jones.  W.H.,  (iraharn.  H I'.,  and  la'flin,  M,  and  M.  (1969)  Advances  in  Ionospheric  Mapping  by 
Numerical  Methods,  ESSA  Technical  Report  EKI,  107  ITS  7f>,  Institute  for  Telecommunication 
Sciences.  Moulder,  CO. 
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through  the  atmosphere,  but  neglecting  absorption  along  the  ray  path  gives 


800-h 

A z 

K(h)  = 0.2  ^ 
n=  1 


J(h  + n 1)  + Jlh  * nl 


Ax(h)n. 


(HI 


where  K(h)  is  the  column  emission  in  rayleighs  ll  K is  so  apparent  emission  rate  of  I x 1(>6  photons 
cm2  (column)  sec  1 ) 1 4 The  column  emission  from  nitrogen  at  3371  \ as  calculated  using  Kq  8 is 
shown  in  Figure  8. 
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Figure  8.  Column  Emission  Kates  for  the  0*0  Hand  of  the  Second  f’osilive  System  of  us  Observed 
at  the  satellite.  The  solid  curve  uses  electron  fluxes  using  the  detailed  calculation  of  , I asperse;  the 
dot-dash  curve  uses  the  results  of  the  continuous  slowing-down  approximation,  und  the  dotted  curve 
uses  the  procedures  developed  by  Stewart. 
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At  1356  A.  the  absorption  by  molecular  oxygen  will  be  significant  at  the  lower  altitudes.  To 
determine  the  column  emission  including  the  effects  of  absorption,  the  ray  path  was  divided  into  two 
parts:  the  near  side  and  the  far  side;  the  near  side  is  between  the  satellite  and  the  tangent  point  and 


14.  Chamberlain,  J.W.  (1961)  Physic*  of  the  Aurora  and  Airglow,  Academic  Press,  New  York. 
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the  far  side  is  on  the  far  side  of  the  tangent  point.  The  near  side  column  emission  is  given  by 


800-h 
A z 


K„s  (hi  = 0.1  I .^±n  >)  + JJh+n, 

n=  I 


Axthle 


(91 


Here  a is  the  absorption  cross-section  for  oxygen  at  1366  A,  und-N(h)  is  the  total  number  of  oxygen 
molecules  between  the  emitting  region  and  the  satellite.  The  value  of  o is  taken  as  8.6  x 10'  '9  cui- 
us given  by  lilake.  et.  al.*®. 

The  number  of  molecules  between  the  emitting  region  and  the  satellite  is  given  by 


N(h)„  = 10®  [ 


n(h  + n 1 1 t 
2 


n(h  + n)  Axlhln 


800-h 
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m = n + 1 


n(h  + m 1)  + 
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nth  + ml 


Ax(h)n 
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The  first  term  represents  molecules  within  the  emitting  region;  the  second  term,  molecules  between 
the  emitting  region  and  the  satellite.  Although  n i:-  used  as  both  a running  integer  and  as  a symbol 
for  the  oxygen  number  density,  its  use  should  bo  clear  from  the  context. 

The  contribution  from  the  far  side  is  also  given  by  Ktj.  9.  but  in  this  case  Nth)  is  given  by 


, m =n  + 1 

Nlhln  = 10®  [nlh±"  lM  "(h  + n)  Ax(hl„  + £ 


n(h  + m 1 + n(h+m) 


800-h 
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nth T jl  + nth  -t  j + 1) 
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The  first  term  is  the  contribution  of  the  molecules  within  the  emitting  region;  the  second  term  is  the 
contribution  of  molecules  lietwecn  the  emitting  region  and  the  tangent  point,  and  the  third  term  is 
the  contribution  of  molecules  lie  tween  the  tangent  point  and  the  satellite. 

The  total  column  emission  is  the  sum  of  the  near  side  and  far-side  contributions.  The  total  col- 
umn emission  from  atomic  oxygon  nt  1366  A is  shown  in  Figure  9.  The  effect  of  neglecting  molecular 
oxygen  absorption  is  shown  for  comparison. 


16.  Make.  A.J.,  Carver,  >1.11.  and  Haddad.  Ci.N.  (1966)  Photo-absorption  cross-sections  of  molecular 
oxygen  between  1260  A and  2360  A.  .1,  Quant  Spectroac.  Hndint.  Transfer.  6.  461. 
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Figure  !>  Apparent  Column  (Omission  Kates  Front  the  f'S"  State  of  Oxygen  at  KIMiA  as  Observed  at 
the  satellite.  The  solid  curve  uses  electron  fluxes  using  the  delailtsl  calculation  of  Jaspcrse;  the  dot 
dash  curve  uses  the  results  of  the  continuous  slowing  down  approximation,  and  the  doited  curve  OSes 
the  procedures  develo|ssl  by  Stewart.  The  heavier  lines  include  the  e 1 1 tv t s of  Oo  absorption 


4.  DISCUSSION 

Volume  emission  profiles  for  the  037 1 A nitrogen  band  and  the  131SHA  atomic  oxygen  emission 
have  Ihvm  calculated  using  Jusperse  computations  of  energy  -dependent  photoelectron  fluxes  and  ex- 
perimental determinations  of  the  excitation  cross  sections.  The  results  are  compared  with  profiles  pro- 
ductal  by  the  general  representation  developed  by  Stewart.  The  same  model  for  the  neutral  at- 
mosphere has  las'll  ustsl  in  all  of  the  calculations. 

Comparisons  of  the  337 1 A profiles  show  generally  good  agreement  between  the  dirts'  curves 
(Figure  41.  although  the  use  of  .lasperse  flux  data  results  in  curves  which  gives  the  maximum  in  the 
emission  about  20  km  above  that  of  Stewart.  In  addition,  the  use  of  the  .lusperse  flux  results  in  a 
clearly  defined  F region  enhancement.  The  enhancement  is  less  clearly  defined  when  the  continuous 
slowing  down  approximation  is  ustsl.  F.ven  though  t ht*  K-region  enhancement  is  quite  pronounced  in 
the  volume  emission  profile,  it  is  barely  observable  in  the  corresponding  limb  view  profile,  indicating 
the  degree  of  difficulty  in  inferring  accurate  volume  emission  profiles  from  limb  view  profiles,  especial- 
ly for  altitudes  la-low  the  altitude  of  maximum  intensity. 


lit 


Comparison  of  the  1356  A profiles  shows  a large  discrepancy  due  to  the  difference  in  the  value 
which  was  used  for  the  cross-section.  The  Stewarl  model  was  developed  Indore  an  experimental  deter- 
mination of  this  cross-section  was  available.  As  a result,  a cross-section  with  a magnitude  and  sha|H‘ 
similar  to  the  1 Is  - 2 3s  transition  in  helium  was  used  It  is  recommended  that  the  values  of  the 
volume  emission  rale  which  are  evaluated  on  the  basis  of  the  Stewart  model  be  increased  by  a factor 
of  three*  to  bring  them  into  agreement  with  the  detailed  calculation  made  here.  The  difference*  in  the 
altitude  of  the  pe*ak  emission,  similar  to  that  found  for  the  3371  A hand,  remains  unexplained 

The  effe*ct  of  absorption  on  the*  1356  A column  emission  as  viewe*d  from  the*  satellite  is 
shown  in  Figure  9.  The  0*2  absorption  bee*e>mes  especially  important  1m*Iow  a tangent  height  of  175 
km,  with  the  reduction  in  intensity  re*aching  a maximum  near  1 30  km.  The  absorption  of  the  1356  A 
emission  by  l )v  results  in  a coupling  of  the*  effect  of  the  ()  and  ();>  densities  on  the*  observed  column 
emission.  This  makes  it  impossible  to  unambiguously  infer  both  the  O and  O-j  densities  from  this 
emission  profile  alone. 

An  experiment  to  me*asure>  the  solar  EUV  flux,  the  phot  exiled  ron  flux,  the  3371  A airglow  profile 
and  total  density  profiles  by  me*uns  of  two  rex-kets  flown  simultaneously  is  being  planned.  These*  data 
will  he  e-eimpareel  with  the  re*sults  of  calculations  made  for  the*  conditions  that  exist  during  the  time 
of  the  flight. 
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